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The Coronavirus Disease (COVID-19), caused by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), has provoked a
global crisis, leading the World Health Organization to declare the
pandemic on March 11th, 2020 [1].
Due to high contagiousness and significant morbidity and mortal-
ity rates, many Countries have imposed social distancing, and all pub-
lic activities have been banned [1]. North-Western Italy was hardlyhit by the pandemic. On February 20th, 2020, the first case of COVID-
19 has been recorded in a small town of Lombardy, and the lockdown
of the whole Country was then imposed between March 9th and May
3rd, 2020.
The burden of the disease involved mainly the older age groups,
whereas children were pretty asymptomatic or experienced mild
symptoms, resulting in a small number of pediatric COVID-19 visits
to the Emergency Department (ED) [2, 3]. On current available Italian
surveillance data, 17¢3% of reported cases involved children [4]. On
the other hand, more concerns arise from the novel Multisystem
Inflammatory Syndrome in Children (MIS-C) associated with SARS-
CoV-2 infection, which has been increasingly reported, and is charac-
terized by persistent fever, abdominal pain, vomiting, diarrhea, rash,
conjunctivitis and other mucocutaneous features [5, 6]. MIS-C is a
life-threating condition that may rapidly progress to cardiac failure.
At the same time, decreasing trend of ED admissions was reported
since the very first day of lockdown, mainly in pediatric settings [7].
Compared to the same period of past years, many Italian authors
have reported a huge reduction of pediatric admissions to ED, rang-
ing from 72% to 92% [1, 3, 813].
The main aim of our multicentre retrospective study was to assess
the number and characteristics of pediatric admissions to ED since
the outbreak of COVID-19 until the end of lockdown, compared to
the same period of 2019. Second, we described the main features of
critical children accessing EDs with high priority.2. Methods
All the children <18 years admitted to all the 23 Pediatric EDs of
Piedmont and Aosta Valley, North-Western Italy, between March 9th
and May 3rd, 2020 were included in this multicentre retrospective
observational study, and compared to those admitted in the same
period of 2019. Among the centres involved, 3 were major Pediatric
EDs of hospitals provided with Pediatric Intensive Care Unit (PICU)
and 20 were Pediatric EDs of hospitals without PICU.
The medical record databases of each ED were screened for infor-
mation on the demographic profile of children (age and gender), tri-
age priority code (from lower to higher priority: white, green, yellow
and red), and outcome (discharge home, admission to hospital,
admission to PICU, transfer to another center). According to age, all
the children were stratified in 5 classes: 02 years, 35 years,
610 years, 1114 years and 1518 years.
Secondly, we have compared all the children <18 years admitted
on March 2019 to those admitted on March 2020, stratified by cause
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ric disorder, and others), and priority code.
Last, we have compared all the children with high priority code
(yellow and red) admitted on March 2020 to those evaluated on
March 2019. Data about this subgroup of children included age,
comorbidities, general practitioner visit before admission, symptoms
before admission, cause of admission and outcome.
Every participating centre returned two ad hoc report forms to the
Coordinating centre. In the first form, every centre reported the total
number of children admitted during the study period, stratified by
age, gender, priority code, and outcome. In the second form, every
centre reported the total number of children admitted on March
2019 and 2020, stratified by cause of admission and priority code,
and those admitted in the same period with high priority code, strati-
fied by the variables described above. The Coordinating centre
merged all data in the same database before the analysis.
The study protocol was approved by the Ethical Committee of the
Coordinating centre of Turin on June 23rd, 2020 (protocol number:
0060387).
2.1. Statistical analysis
All the statistical analysis were made by comparing the 3 major
EDs to the 20 EDs of hospitals without PICU and were performed
using SAS V9.4.
ED admissions have been described by absolute frequency and
percentage and their reduction between 2019 and 2020 was mea-
sured using percentages. Comparison between percentage distribu-
tion of characteristics at admission and year of admissions (2019 or
2020) and between characteristics at admission and type of hospital
(with or without PICU) have been performed using the Chi-square
test or the Fisher's exact test, when the hypothesis for Chi-square
test was not met. The significance level was set at alpha=0¢05.
To account for multiple comparisons, we estimated the False Dis-
covery Rate (FDR) based on the BenjaminiHochberg method [14]
and we computed the FDR-adjusted p-values at 5% level.Fig. 1. Causes of pediatric admissions (total number) to Emergency Departments on
March 2019 (a) and March 2020 (b).2.2. Role of the funding source
No funding was received for this study.3. Results
Overall, 16,426 children were admitted to the 23 Pediatric EDs
during the study period on 2020, compared to 55,643 admissions
recorded on 2019 in the same period (70¢48%). Children aging
05 years were 9269 on 2020 (56¢43%) and 29,237 on 2019 (52¢54%),
respectively. Admissions with high priority (yellow and red code)
were 1494 (9¢09%) on 2020 and 3835 (6¢91%) on 2019. Children being
discharged home were 14,485 on 2020 (88¢18%) and 51,937 on 2019
(93¢34%), while those admitted to PICU were 27 (0¢16%) and 30
(0¢05%), respectively on 2020 and 2019. The distribution of the causes
of admission on March of both years is shown in Fig. 1. After stratifi-
cation by triage priority code, age and outcome, significant reduction
of admissions was observed in each class (Table 1).
Among admissions due to infectious disease, two children had
encephalitis and one had sepsis, all on 2019. Overall, four children
were admitted for status epilepticus (two on 2020) and nine for the
onset of diabetes type I (three on 2020). Among overall children with
psychiatric disorders, 12 were suicidal attempts (five on 2020).
Admissions for abuse and neglect were 34 (six on 2020). On 2020,
two children with MIS-C have been recorded, showing persistent
fever, diarrhea, and mucocutaneous involvement (conjunctivitis, fis-
sured lips, skin rash, erythema, and edema of hands and feet). They
both had high level of SARS-CoV2 antibody and inflammationmarkers, lymphopenia, thrombocytopenia, and complement con-
sumption, but negative nasal swabs.
3.1. Comparison between hospitals with and without PICU stratified by
priority code, age and outcome
The reduction of admissions was reported in Pediatric EDs of hos-
pitals without PICU (73¢38%) and in those with PICU (64¢08%)
with a significant decrease in both of them (p <0¢0001). Detailed
descriptive analysis by priority code, age, and outcome is shown in
Fig. 2 and Table 2.3.2. Comparison between 2019 and 2020 by cause of admission and
priority code
Focusing only on March, we observed 21,846 admissions in 2019,
and 4639 in 2020 (76¢76%). After stratification by cause of admis-
sion (Figure 1), we observed a significant decrease of the absolute
number of admissions for all the subgroups (p <0¢0001), especially
for infectious disease (79¢29%), and less sharply for surgical and
psychiatric disorder (59¢4% and 66¢67%, respectively). Admissions
for surgical problems with yellow priority code decreased signifi-
cantly (p = 0¢0002), but less than other admissions with the same pri-
ority (Table 3).
Table 1
Decrease of admissions to Pediatric Emergency Departments in all the 23 Centres involved (period: March 9th - May 3rd, 2020 vs. March
9th - May 3rd, 2019), stratified by priority code, age and outcome.
2019 2020 Decrease of admissions% p-value









































































* False Discovery Rate corrected p-value <0¢05.
a PICU: Pediatric Intensive Care Unit.
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and without PICU stratified by cause of admission and priority code,
we observed significantly higher decrease of all the causes of admis-
sions with any priority code to hospitals without PICU than with
PICU (p<0¢0001), except for psychiatric disorders (p = 0¢238).
Detailed analysis is reported in Table 4.
3.3. Comparison between 2019 and 2020 by features of critical
admissions
Focusing only on critical patients (Table 5), yellow and red codes
were 508 on March 2020, compared to 1487 on March 2019
(65¢84%). We observed no difference in the duration of symptoms
before admission between 2019 and 2020 (p = 0¢2344), with majority
of children accessing EDs within 24 h since the onset of symptoms.
The features of critical admissions to hospitals with and without PICU
are described in Tables 6 and 7, respectively.
4. Discussion
This is the first large multicentre study describing how COVID-19
pandemic has changed the referral of children to EDs in hardly hit
North-Western Italy. We observed massive reduction of pediatric
admissions, as reported in already published subgroups of our popu-
lation [810] and by other Italian centres [1, 1113]. Non-urgent vis-
its have dropped significantly more than urgent ones, reflecting how
maybe the fear of being infected by SARS-CoV-2 in hospitals over-
came the anxiety and the need of reassurance of caregivers, as
already reported in previous epidemics [15, 16]. We could suppose
that COVID-19 has unveiled previous widespread misuse ofemergency care facilities, which are often accessed for the manage-
ment of non-urgent conditions. Children with green and yellow
codes decreased significantly more in hospitals without PICU, and
mild proportional increase of both high priority codes and admissions
to PICU has been observed, as reported by Iozzi et al. [11] Anyway,
the absolute number of high priority codes and admissions to PICU
decreased, as recently noted by the Italian Network of Pediatric
Intensive Care Unit Research Group [17]. Interestingly, we did not
detect any significant delay in ED referral by caregivers, as previously
speculated by other authors [11, 13].
Overall, on 2020 we observed a decrease of pediatric admissions
to EDs for all the age groups, but in particular in major hospitals with
PICU such reduction was less marked for younger children and
patients with comorbidities and high priority code, who are usually
more fragile. As already reported, the most evident drop regarded
infectious diseases, which usually represent the main reason of Pedi-
atric ED visits [11]. Children did not attend schools or other commu-
nities during the lockdown, thus decreasing the spread of both SARS-
CoV-2 and other pathogens. Nonetheless, although restrictive meas-
ures and mandatory use of facial mask were imposed to all the popu-
lation, we confirm that most of critical patients were affected by
infectious diseases and admissions with high priority due to infec-
tions dropped significantly only in hospitals without PICU [11, 12].
This might be the expression of families’ preference to bring their
children to major centres rather than to small ones during the lock-
down, even if farer from home.
During the study period, only two cases of MIS-C were reported in
our centres, and 14 more were recorded between the end of the
study period and December 2020. The first reports of COVID-19-asso-
ciated hyperinflammatory syndromes (including Kawasaki-like
Fig. 2. Admissions to the Pediatric Emergency Department of hospitals with Pediatric Intensive Care Unit (PICU) compared to hospitals without PICU between March 9th and May
3rd, 2019 vs.March 9th and May 3rd, 2020, stratified by: a. priority code b. age c. outcome.
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Table 2
Admissions to the Pediatric Emergency Department of hospitals with Pediatric Intensive Care Unit (PICU) compared to hospitals without PICU between March 9th and May 3rd,
2019 vs.March 9th and May 3rd, 2020, stratified by priority code, age and outcome.
Hospitals with PICUa Hospitals without PICUa
2019 2020 Decrease of
admissions%
















































































































































1117 (6¢44) 770 (12¢36)
31¢06
2268 (5¢92) 1001 (9¢82)
55¢86
* False Discovery Rate corrected p-value <0¢05.
a PICU: Pediatric Intensive Care Unit.
6 I. Raffaldi et al. / The Lancet Regional Health - Europe 5 (2021) 100081presentation and symptoms mimicking acute appendicitis and peri-
tonitis) have been published on May 2020 [18, 19]. Unanimous con-
sensus has not yet been reached either on diagnostic criteria or on
therapy, and many different protocols have been proposed by differ-
ent Institutions [6]. Based on available evidence and clinical aware-
ness, we designed a dedicated clinical pathway: all the patients
identified on clinical criteria underwent laboratory tests including
investigations on inflammation, cardiac involvement, coagulation
profile, and SARS-CoV2 serology; echocardiogram was always done
as soon as possible. Therapy included corticosteroids and intravenous
immunoglobulin, along with fluid restriction and strict cardiac and
respiratory monitoring.
The considerable reduction of patients discharged home on 2020,
especially in hospitals without PICU, was consistent to what reported
by other Italian centres [8, 12]. We presume it could be due to the
huge reduction of children with low priority conditions, who are usu-
ally more easily discharged. We suppose that massive reduction of
non-critical ED admissions was also responsible for increased preva-
lence of critical ED admissions during the study period, which
reduced significantly less, as already shown by other Italian centres
[9, 13].
Another consequence of community isolation and social restric-
tions was the reduction of admissions related to trauma and outdoor
injuries. Interestingly, the decrease of pediatric trauma was stronger
than reported in March and April in Finland (24%) and the United
States, where fracture reduction was 58% [20, 21]. At the same time,
we globally reported significantly lighter decrease of admissions due
to surgical problems, compared to all the other subgroups, andproportional increase of need for urgent surgery only in hospitals
without PICU. Anyway, no significant delay in presentation was
reported for surgical problems or for any cause of admission with
high priority code, as the analysis of the duration of critical patients’
symptoms before they accessed EDs showed no difference between
2019 and 2020.
Delayed access to EDs, due to the fear of contracting COVID-19,
has been suggested to cause more severe clinical presentation of
some children and adults [11, 13, 22, 23]. Anyway, such perception of
pediatric healthcare professionals is not sustained by evidence pro-
vided by our study on a large population. In fact, the major part of
our critical children arrived within 24 h since the onset of symptoms,
suggesting that lockdown and fear of COVID-19 were not responsible
for delayed provision of care. On the other hand, the results of an
early single center report from Ireland [24] and other recent papers
on the need for urgent surgery in large cohorts of children are consis-
tent with our findings [20, 21]. Often, critical patients were not
brought to their general practitioners before attending EDs: we might
suppose that families preferred to refer directly to hospitals (in par-
ticular the major ones) in order not to delay diagnosis and care. Also
increased prevalence of patients with comorbidities in major hospi-
tals suggests such hypothesis. During the lockdown, the families of
children with special needs felt particularly isolated and stressed
[25]: though telemedicine has been implemented also by community
medical services, we suppose that caregivers felt more reassured
accessing directly the ED of reference centres.
The COVID-19 pandemic shows heavy impact on mental health of
both adults and children, in particular those who already suffered from
Table 3
Decrease of admissions to Pediatric Emergency Departments of all the 23 Centres on























































































































* False Discovery Rate corrected p-value <0¢05.
I. Raffaldi et al. / The Lancet Regional Health - Europe 5 (2021) 100081 7psychiatric disorders [2628]. The global reduction of admissions for
psychiatric disorders, along with the increased prevalence of children
with mental health disorders among those admitted to Pediatric EDs
during the study period are matter of concern, consistently with the
results shown by McDonnell et al. [26] Our finding confirms the need
to take particular care of children and adolescents’ mental health, as
isolation and social restrictions may have serious psychiatric conse-
quences, in particular on the most fragile patients [28].
Our study has some strengths. First, to our knowledge it is the first
large multicentre study on the impact of COVID-19 on pediatricadmissions to EDs in Europe. This allowed us to discuss previous
hypothesis and perceptions based on case series and small studies in
the early phase of the pandemic. In particular, we could demonstrate
that there was no significant increase in time-to-presentation for
care to our centres. Second, we could evaluate the differences
between large hospitals and smaller ones: we believe this could be
useful to help drawing future strategies. Last, it provides insight on
the main causes of admittance to pediatric EDs, again helping even-
tual remodeling strategies for hospital emergency settings for next
challenging times.
Our study has also some limits. Of course, first this is a retrospec-
tive study reflecting the experience of 23 EDs of North-Western Italy,
which limits the generalizability of our results. However, all the Pedi-
atric EDs of our region have been included and are representative of
both urban and rural areas. Second, we did not compare admissions
during lockdown to those immediately after its end, therefore we
could not compare patients before and after re-opening activities, as
reported by other studies [12]. Moreover, our analysis was performed
only on aggregate data, so we could not use a time series model, or
difference-in-difference approach to better describe the differences
between admissions in 2019 and 2020. We are aware that the com-
parison of two time points using aggregate data might lead to some
biases.
In conclusion, in our multicentre retrospective study, we observed
massive reduction of pediatric admissions to EDs, but the decrease
was higher in hospitals without PICU than in major ones with PICU.
Admissions with low priority code decreased significantly more than
those with high priority, in particular in hospitals without PICU; we
suppose that the fear of being infected by SARS-CoV-2 maybe over-
came the concerns of caregivers. Compared to 2019, no significant
delay in ED referral by caregivers was reported on 2020. Dedicated
strategies for the care of children with comorbidities or mental health
disorders should be implemented, involving both hospitals and com-
munity medical services.
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Individual participant data that underlie the results reported in
this article will be available after de-identification (text, tables, fig-
ures, and appendices). Other available documents will include the
study protocol, the statistical analysis plan, and the analytic code.
Data will be available at a third party website for 5 years, beginning 3
months after publication, to those investigators whose aims and
types of analysis will be approved by an independent review commit-
tee identified for this purpose. The proposals should be directed to
ecastagno@cittadellasalute.to.it to gain access, and data requestors
will sign a data access agreement.
Table 4
Admissions to the Pediatric Emergency Department of hospitals with Pediatric Intensive Care Unit (PICU) compared to hospitals without PICU on March 2019 vs.
March 2020, stratified by priority code and cause of admission.
Hospitals with PICUa Hospitals without PICUa
2019 2020 Decrease of
admissions%






















































































































































































































































* False Discovery Rate corrected p-value <0¢05.
a PICU: Pediatric Intensive Care Unit.
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Table 5
Decrease of admissions with high priority codes (yellow and red) to Pediatric Emer-
gency Departments (EDs) in all the 23 Centres on March 2020 vs. March 2019, strati-
fied by age, comorbidities, cause of ED admission, general practitioner visit before


























































































































































* False Discovery Rate corrected p-value <0¢05.
a PICU: Pediatric Intensive Care Unit.
b ED: Emergency Department.
Table 6
Reduction of admissions with high priority code (yellow and red) to Pediatric
Emergency Departments of hospitals with Pediatric Intensive Care Unit (PICU) on
March 2020 vs. March 2019, stratified by age, comorbidities, general practitioner







































































































































































* False Discovery Rate corrected p-value <0¢05.
a Pediatric Intensive Care Unit.
b Emergency Department.
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Table 7
Reduction of admissions with high priority code (yellow and red) to Pediatric Emer-
gency Departments (EDs) of hospitals without Pediatric Intensive Care Unit (PICU) on
March 2020 vs. March 2019, stratified by age, comorbidities, general practitioner visit



































































































































































* False Discovery Rate corrected p-value <0¢05.
aPediatric Intensive Care Unit
bEmergency Department.
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